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REMARKS 

In response to the Office Action mailed August 15, 2008, Applicants have 
amended claims 1 and 25. Claims 5 and 16 have been canceled and no new claims have 
been added. It is urged that support for all the above amendments may be found 
throughout the specification as originally filed, for example on page 6, lines 1-2 and 
original claim 16. No new matter has been added. The above amendments are not to be 
construed as acquiescence with regard to the Examiner's rejections and are made without 
prejudice to prosecution of any subject matter removed or modified by this amendment in 
a related divisional, continuation or continuation-in-part application. Following the 
amendments, claims 1, 7, 10-13, 15, and 25 are under examination in the application. 
Favorable reconsideration of the subject application is respectfully requested in view of 
the above amendments and the following remarks. 

Claim Rejections Under 35 U.S.C. $ 112, First Parasraph, Written Description, First 
Rejection 

Claims 1, 5, 7, 13, 15, 16, stand rejected under 35 U.S.C. §112, first 
paragraph, as failing to comply with the written description requirement for allegedly 
claiming subject matter which was not described in the specification in such a way as to 
reasonably convey to the skilled artisan that the inventor, at the time the application was 
filed, had possession of the claimed invention. Specifically, the Examiner contends that 
Applicant was not in possession of the bacterial species Listeria monocytogenes at the 
time of filing the instant application. 

Applicant respectively traverses this basis of rejection and submits that the 
skilled artisan would readily understand that Applicant was in possession of the claimed 
invention at the time the application was filed. Nonetheless, Applicant, without 
acquiescing to any rejection and solely in a good faith effort to expedite prosecution, has 
amended claim 1 to remove the recitation of Listeria monocytogenes. Accordingly, 
Applicant submits that this basis for rejection has been rendered moot and may be 
properly withdrawn. 
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Claim Rejections Under 35 U.S.C. 112, First Par asraph. Written Description, Second 
Rejection 

Claims 1, 5, 7, 13, 15, 16, and 25 stand rejected under 35 U.S.C. §112, 
first paragraph, as failing to comply with the written description requirement for 
allegedly claiming subject matter which was not described in the specification in such a 
way as to reasonably convey to the skilled artisan that the inventor, at the time the 
application was filed, had possession of the claimed invention. Specifically, the 
Examiner asserts that Applicant's disclosure allegedly fails to identify which 
aminopeptidases are specifically absent from the target microorganisms, but are present 
in all non-target microorganisms. 

Applicant respectively traverses this basis of rejection and submits that the 
skilled artisan would readily understand that Applicant was in possession of the claimed 
invention at the time the application was filed. Applicant, without acquiescence to any 
rejection and solely in a good faith effort to expedite prosecution, has amended claims 1 
and 25 to recite wherein the growth supporting medium fiirther comprises antibiotics to 
suppress the growth of non-target microorganisms. Applicant has further amended 
claims 1 and 25 to recite wherein the target microorganism is Campylobacter. Support 
for these amendments can be found throughout the as-filed specification, for example, on 
page 6, lines 1-2, and in original claim 16. No new matter has been introduced by way of 
these amendments. 

The Examiner contends that the claimed compositions comprise a 
substrate for an aminopeptidase, wherein the aminopeptidase is substantially absent from 
the target microorganism and is cleaved by substantially all non-target microorganisms 
and that the phrase "all non-target microorganisms" is interpreted to include any and all 
microorganisms that are not the target microorganism. The Examiner concludes that in 
order to satisfy this limitation, the composition must include a substrate for an 
aminopeptidase which is absent from the claimed target microorganisms but is present in 
all other microorganisms. Applicant respectfully disagrees. 
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The instant claims are drawn to a composition for detecting a target 
microorganism in a sample , wherein the microorganism is Camplyobacter. Further, the 
presently claimed compositions comprise a growth-supporting medium for the specific 
enrichment of a target microorganism, wherein said growth-supporting medium contains 
antibiotics to suppress the growth of non-target microorganisms in the sample . Applicant 
respectfully submits and the Examiner has acknowledged that Campylobacter and Gram 
positive bacteria lack L-alanine aminopeptidase activity, while all other Gram negative 
bacteria have this activity. Applicant respectfully points out that suppressing the growth 
of the non-target microorganisms in the sample using antibiotics would include 
suppressing the growth of Gram positive microorganisms, as such methods were known 
in the art at the time of filing the instant application (see Microbiology: Principles and 
Applications. Creager, Black, and Davison, Prentice Hall publishers, 1990; Corry et al., 
1995; and U.S. Patent No. 5,891,709; copies included for your convenience). Thus, in 
the claimed composition, an L-alanine aminopeptidase substrate is absent in the target 
microorganism (e.g., Campylobacter) and present in substantiallv all non-target 
microorganisms in the sample (e.g., other Gram-negative bacteria). 

Thus, Applicant respectfully submits that one having ordinary skill in the 
art would reasonably conclude that Applicant was in possession of the presently claimed 
aminopeptidase substrates. Accordingly, Applicant submits that the presently claimed 
invention satisfies the written description requirement of section 1 12 and respectfully 
requests reconsideration and withdrawal of this basis for rejection. 

Claim Rejections Under 35 U.S.C. ^ 112, First Paragraph, Enablement 

Claims 1, 5, 7, 10-13, 15, 16 and 25 stand rejected under 35 U.S.C. §112, 
first paragraph, as allegedly lacking enablement. Specifically, the Examiner asserts that 
the as-filed specification does not enable any person skilled in the art to which it pertains, 
or with which it is most nearly connected, to make or use the invention commensurate in 
scope with the claims. 
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Applicant respectfully traverses these bases for rejection and submits that 
the as-filed specification provides ample disclosure and guidance to practice the entire 
claimed scope of the invention. As noted above, claims 1 and 25 to recite wherein the 
growth supporting medium further comprises antibiotics to suppress the growth of non- 
target microorganisms and wherein the target microorganism is Campylobacter. 

The Examiner has acknowledged that the presently claimed compositions 
are enabled for detecting a pure culture of Campylobacter, but are not enabled for the 
production and use of compositions for detecting any target microorganism in any 
sample, or even for detecting Campylobacter in a mixed sample, or for differentiating 
between Campylobacter and any Gram-positive bacteria. Applicant respectfully 
disagrees. 

Applicant has demonstrated aminopeptidases that are absent in the target 
bacteria were known in the art; thus, the skilled artisan would only need to determine the 
aminopeptidase activity present in substantially all the bacteria in the sample, {i.e., not all 
known bacteria in existence). Furthermore, Applicant submits that in most samples 
where contamination of biological samples is a concern {e.g., poultry, beef), the skilled 
artisan is keenly aware of the type of bacterial pathogens that predominantly contaminate 
the sample {e.g., poultry - Campylobacter, beef- jE. coli). Moreover, Applicant 
respectfully notes that one having ordinary skill in the art would recognize that no 
singular sample exists, wherein all non-target bacteria could be present, because different 
species of bacteria require different temperatures, pHs, osmolarities, and require different 
nutrients in order to grow. 

The Examiner contends that when the presently claimed assay is used to 
identify Campylobacter, Gram-positive bacteria will give rise to the same signals as 
presumptive and confirmation indicators as Campylobacter, and therefore, the presently 
claimed compositions are only enabled for pure Campylobacter cultures. However, as 
noted in the foregoing response to the written description rejection, the claimed 
compositions comprise a growth-supporting medium for the specific enrichment of a 
target microorganism, wherein said growth-supporting medium contains antibiotics to 
suppress the growth of non-target microorganisms in the sample. 
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Thus the skilled artisan would use a growth supporting media for the 
specific enrichment of Campylobacter, which would exclude the growth of Gram- 
positive organisms, in combination with antibiotics to suppress the growth of non-target 
microorganism in the sample, including, but not limited to Gram positive bacteria, as 
such media are commonly known to one of ordinary skill in the microbiological arts (see, 
see Microbiology: Principles and Applications. Creager, Black, and Davison, Prentice 
Hall publishers, 1990; Corry et al, 1995; and U.S. Patent No. 5,891,709). 

In addition, Applicant has provided two examples of a reduction to 
practice of the presently claimed compositions. Examples 1 and 2 and Figure 1 provide 
evidence that the number of false positives in the poultry wash samples are negligible 
(i.e., most colonies are target microorganisms, and not Gram-positive bacteria or other 
non-target bacteria) by demonstrating that the number of Campylobacter in said samples 
is the same, whether determined by the Applicant's method or the method approved by 
the U.S. government, wherein the presence of Campylobacter is confirmed by 
agglutination assays. Thus, the growth of non-target microorganisms is effectively 
suppressed in exemplified embodiments of the presently claimed compositions. 
Applicant has also produced a commercial embodiment for the specific detection of 
Campylobacter in mixed bacterial samples 

(http://www.biocontrolsys.com/products/simcamp.html; a copy of the document is 
enclosed for your convenience). Currently, this product is used by customers for the 
detection of Campylobacter. Accordingly, the Examiner's assertion that the present 
claims are not enables is simply not true. 

Accordingly, Applicant submits that in view of the foregoing remarks and 
amendments, the skilled artisan would readily be able to practice the full scope of the 
presently claimed invention without undue experimentation. Reconsideration and 
withdrawal of this basis for rejection is respectfully requested. 

Claim Rejection under 35 U.S.C. S 103(a) 

Claims 1, 5, 7, 10-13, 15, 16, and 25 stand rejected under 35 U.S.C. § 
103(a) as allegedly unpatentable over Manafi et al. (J. Applied Bacteriology, 1990) in 
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view of Molina et al. (Enfermedades Infecciosas y Microbiologia Clinica, 1991) and 
Tuompo et al. (U.S. Patent No. 5,420,017). Specifically, the Examiner contends that 
Manafi et al. disclose a method and composition for detecting Gram-negative bacteria in 
a sample using AAMC. Further, the Examiner contends that Tuompo et al. disclose a 
method and kit for detecting microorganisms in a sample using tetrazolium red. The 
Examiner alleges that the skilled artisan would find it obvious to combine the teachings 
of Manafi et al. with Tuompo et al. to arrive at the presently claimed composition. 

Applicant traverses this basis of rejection and respectfully submits that the 
Action fails to establish a prima facie case of obviousness against the presently claimed 
invention because the references do not teach or suggest each and every element of the 
claims. "To establish prima facie obviousness of a claimed invention, all the claim 
limitations must be taught or suggested by the prior art." In re Royka, 490 F.2d 981, 180 
USPQ 580 (CCPA 1974). Furthermore, Manafi et al. and Molina et al. actually teach 
away from using an L-alanine aminopeptidase substrate to detect Campylobacter, and in 
contrast use L-alanine aminopeptidase substrates to detect other Gram negative bacteria. 
Accordingly, the Action fails to provide a sufficient basis for one having ordinary skill in 
the art to predictably arrive at the presently claimed invention with any reasonable 
expectation of success, and thus, the Action fails to establish a prima facie case of 
obviousness against the presently claimed invention. 

The Examiner alleges that the skilled artisan would find it prima facie 
obvious to modify the composition of Manafi et al., which includes AAMC in an agar 
plate, to further include tetrazolium red, as taught by Tuompo et al. However, Applicant 
respectfully submits the Action has failed to account for each and every element of the 
presently claimed composition and that Manafi et al., Molina et al., and Tuompo et al., 
collectively fail to teach or suggest the use of a growth-supporting medium comprising 
antibiotics to suppress non-target microorganisms in the sample. At a minimum, it must 
be demonstrated that the cited references provide a sufficient basis to predictably arrive at 
the presently claimed invention, and even assuming, arguendo, that the cited references 
teach each claim feature, the Examiner must provide an explicit, apparent reason to 
combine these features in the fashion claimed by the Applicant with a reasonable 
expectation of success. See KSR v. Teleflex, Inc.. No. 04-1350 at 4, 14 (U.S. Apr. 30, 
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2007) ("A patent composed of several elements is not proved obvious merely by 
demonstrating that each element was, independently, know^n in the prior art"). In the 
instant case, the Examiner has not provided any rationale to support the inclusion of 
antibiotics in the presently claimed compositions. Thus, this Action fails to support a 
prima facie case of obviousness against the presently claimed invention. 

The Examiner further alleges that including a viability marker in the agar 
plate of Manafi et al. would provide an additional confirmation means of bacterial 
viability. Applicant respectfully submits that one of ordinary skill in the art would not 
include a viability dye for bacteria cultured on the non-selective media of Manafi et al.. 
Inclusion of the dye in the embodiment contrived by the Examiner would be redundant 
and would fail to provide any further information regarding the number of viable 
bacteria, as such information is already gleaned from colony formation. For example, the 
embodiment contrived by the Examiner (non-selective media) would function exactly the 
same in the presence and absence of tetrazolium red. In contrast, eliminating tetrazolium 
red would prevent the presently claimed composition from detecting false positives. 
Thus, Applicant submits that tetrazolium red functions differently in the Examiner's 
contrived composition in comparison to the presently claimed compositions. 

A rationale to support a conclusion that a claim would have been obvious 
is that all the claimed elements were known in the prior art and one skilled in the art 
could have combined the elements as claimed by known methods with no change in their 
respective functions (emphasis added), and the combination would have yielded nothing 
more than predictable results to one of ordinary skill in the art. KSR International Co. v. 

Teleflex Inc., 550 U.S. , , 82 USPQ2d 1385, 1395 (2007); Sakraida v. AG Pro. 

Inc., 425 U.S. 273, 282, 189 USPQ 449, 453 (1976); Anderson's-Black Rock. Inc. v. 
Pavement Salvage Co., 396 U.S. 57, 62-63, 163 USPQ 673, 675 (1969); Great Atlantic & 
P. Tea Co. v. Supermarket Equipment Corp., 340 U.S. 147, 152, 87 USPQ 303, 306 
(1950). 

Furthermore, in the presently claimed composition, an aminopeptidase 
substrate which is absent in the target microorganism, is used to detect the presence of the 
target microorganism. Neither Manafi et al., Molina et al., nor Tuompo et al., provide a 
sufficient basis for the skilled artisan to predictably practice the detection of 
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Campylobacter based upon the absence of L-alanine aminopeptidase activity with any 
reasonable expectation of success. In contrast, the entirety of the Manafi et al. reference 
and the abstract of the Molina et al. reference teach away from the presently claimed 
compositions for detecting Campylobacter, and in contrast teach using the L-alanine 
aminopeptidase substrates to detect other Gram negative bacteria. Applicant submits that 
using an aminopeptidase substrate to detect a microorganism that lacks the 
aminopeptidase activity for that substrate counters conventional wisdom of one having 
ordinary skill in the art, and is thus, nonobvious. The skilled artisan would not seek to 
detect a microorganism based on its lack of a particular enzymatic activity, as 
demonstrated in the Examiner's cited references. Applicant respectfully submits that 
"[t]he totality of the prior art must be considered, and proceeding contrary to accepted 
wisdom in the art is evidence of nonobviousness." In re Hedges, 783 F.2d 1038, 228 
USPQ 685 (Fed. Cir. 1986). 

Accordingly, Applicant submits that the Examiner has failed to establish a 
prima facie case of obviousness against the presently claimed invention. The Action fails 
to provide a sufficient basis for one having ordinary skill in the art to predictably arrive at 
the presently claimed invention with any reasonable expectation of success, and in fact, 
teaches away from the presently claimed composition to detect Campylobacter. 
Reconsideration and withdrawal of this basis of rejection is respectfully requested. 
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The Director is authorized to charge any additional fees due by way of this 
Amendment, or credit any overpayment, to our Deposit Account No. 19-1090. 

All of the claims remaining in the application are now believed to be 
allowable. Favorable consideration and a Notice of Allowance are earnestly solicited. 



Respectfully submitted, 
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TABLE 6.5 

Selected examples 
of diagnostic media 



Bnlliant areen aaar 



Brilliant areen dye inhibits aram-positive bacte- 
ria and thus selects aram-negative ones. Differ- 
eniiaies Snigeiia coignies ^wnicn ao noi lermuiu 
lactose or sucrose and are red to white) from 
other organisms that do ferment one of the sugars 
and are yellow to green. 
Gram-negative Sodium desoxycholate inhibits gram-positive 
enterics bacteria. Differentiates organisms that ferment 

lactose (red colonies) from those that do not (col- 
oriess colonies). 

Gram-negative Medium partially inhibits gram-positive bacteria. 
" enteri^ Eosin and meffiylene blue differentiate among 

organisms: £ coli colonies have a metallic green 
sheen, Enterobacter aerogenes colonies are 
pink. Indicating that they ferment lactose, and 
colonies of other organisms are transparent, indi- 
cating they do not ferment lactose. 



Enteric patho- 
gens 



Triple sugar-iron agar Gram-negative 



Sodium tetrathionate inhibits nonnal inhabitants 
of the gut and enriches grovirth of certain patho- 
gens, such as Salmonella and Shigella. 
Used in agar slants (tubes cooled in slanted posi- 
tion) where differentiation is based on both ae- 
robic surface growth and anaerobic growth In 
agar in base of tube. Medium contains glucose, 
sucrose, and lactose and a pH indicator, so rela- 
tive use of each sugar can be detected. 



wrhich might not otherwise be present in sufficient 
numbers to allow it to be isolated and identified. 
For example, because Salmonella typhi organisms may 
not be sufficiently numerous in a fecal sample to al- 
low positive identification, they are cultured on a me- 
diimi containing the trace element selenium, which 
fosters growth of the organism. After incubatipn in 
the enrichment medium, the greater numbers of 
the organisms increase the likelihood of a positive 
identification. 

Controlling Oxygen Content 
of Media 

Obligate aerobes, microaerophiles, and obligate an- 
aerobes require special attention to maintain oxygen 
concentrations suitable for growth. Most obligate ae- 
robes obtain sufficient oxygen from nutrient broth 
or solidified agar medixun, but some need more. Oxy- 
gen gas is bubbled through the medium with filters 
between the gas source and the medium to prevent 
contamination of the culture. Microaerophiles can be 
incubated in nutrient broth tubes or agar plates in a 
jar in which a candle is lit before the jar is sealed 
(Figure 6.18). (Scented candles should not be used 



FIGURE 6.18 Microaerophiles are growing in 
culture tubes and on Petri plates in a sealed jar 
in which a candle burned until it was extinguished 
by carbon dioxide accumulation in the atmosphere 
of the jar. A small amount of oxygen remains. 



Liquid media., 




Candle jp inverted 

petri plates 

because oils from them inhibit bacterial growth.) The 
btiming candle uses oxygen from the air in the jar 
and adds carbon dioxide to it. When the carbon diox- 
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Abstract 

The history of the development of selective media for isolation of Campylobacters, 
including the rationale for choice of selective agents is described. Developments have 
included modifications to allow incubation at 37''C instead of 42 or 43^ and changes in the 
types and concentrations of antibiotics in order not to inhibit organisms such as Campy- 
lobacter upsaliensis, C. jejuni subsp. doylei and some strains of C. coli and C. hiri. When 
examining foods, plating media originally developed for isolation from faeces arc normally 
used, sometimes after liquid enrichment. Most of the media include ingredients intended to 
protect Campylobacters from the toxic effect of oxygen derivatives. Most commonly used are 
lysed or defibrinated blood; charcoal; a combination of ferrous sulphate, sodium metabisul- 
phite and sodium pyruvate (FBP); and haemin or haematin. To date no medium includes an 
indicator system - for instance a pH indicator to show whether colonies produce acid or 
alkali from particular substrates. The manner in which liquid enrichment media are used 
has been modified for food samples to avoid inhibitory effects on sublethally damaged cells 
by toxic components in the formula. This is done by a preliminary period of incubation at 
reduced temperature and sometimes by delayed addition of antibiotics. Expensive and 
time-consuming methods have been proposed to achieve a microaerobic atmosphere while 
using liquid enrichment media. To date there is no generally accepted 'standard' method of 
isolating Campylobacters from food. 

Keywords: Campylobacter; Arcobacter; Enrichment media; Plating media; Membrane filtra- 
tion; Foods; Water 



* Corresponding aulhoi. 



0168-I605/95/$09.50 © 1995 Hlsevier Science B.V. All rights .eservcd 
SSDI 0168-1605(95)00044-7 



44 J.E.L. Corry et al. / Int. J. Food Microbiology 26 (1995) 43-76 

Campylobacters were originally classified within the genus Vibrio, but differ 
from vibrios in a number of respects, particularly in their DNA base composition 
and their ability to grow under conditions of reduced oxygen tension. They are 
Gram-negative, oxidase-positive, curved or spiral rod-shaped bacteria 0.2-0.5 txm 
wide and 0.5-8 /xm long. They possess one polar flagellum, which gives them a 
very characteristic 'cork-screw' motility. Survival of Campylobacters is poor under 
most conditions and particularly in dry, relatively warm and aerobic situations. As 
cultures lose their viability the rod-shape changes to a coccoid form which has 
been described as 'viable but non-culturable'. This is because, although these 
forms cannot be grown using normal media, at least some have been shown to be 
capable of initiating infections in animals (e.g. Jones et al., 1991) 

The genus Campylobacter has recently been subdivided into three related 
genera: Campylobacter, which contains the species C. fetus, C. jejuni, C. coli, C. 
lari (NARTC, formally known as 'nalidixic acid resistant thermophilic Campylobac- 
ters'), C. hyointestinalis, C. upsaliensis, C. mucosalis, C. concisus, C. sputorum; 
Helicobacter which contains H. pylori (previously C. pyloridis, responsible for 
human gastric infection and gastric ulcers) H. cinaedi, H. fennelliae and H, 
mustelae; Arcobacter which contains A. cryaerophilus, A. butzleri, A. nitrofigilis 
and A. skirrowii (Vandamme et al., 1991, 1992; Vandamme and Goossens, 1992; 
Tenover and Fennell, 1992). Table 1 lists the most important species of this group, 
which are associated with human and/or animal diarrhoea together with their 
important characteristics. 

Selective media were originally designed to isolate C. jejuni from faeces, by use 
of a cocktail of antibiotics in a rich basal medium and exploiting the ability of this 
organism to grow at 42 or 43°C (Butzler and Skirrow, 1979). Later C. coli and C. 
lari (formerly C. /ar/rf/s) were distinguished, although many workers either failed to 
differentiate between these three species when monitoring the functioning of 
selective media or only tested for C. jejuni (e.g. Park et al., 1981; Rosef, 1981; 
Acuff et al., 1982a,b; Bolton et al., 1982; Goossens et al., 1983; Martin et al., 1983; 
Wesley et al., 1983; Barot and Bokkenhauser, 1984; Stern et al., 1984; Beuchat et 
al., 1985; Furlanetto et al., 1991; Holler, 1991; Jacob and Stelzer, 1992; Stern et al., 
1992; Stern and Line, 1992; Scotter et al., 1993). 

There is evidence that some strains of C. coli and even a few strains of C jejuni 
are likely to have been missed due to their sensitivity to cephalothin (Brooks et al., 
1986; Ng et al., 1985, 1988). More recent work has indicated that other species of 
Campylobacter of importance in human intestinal disease will not be isolated by 
the usual selective media because of their susceptibility to the antibiotics used in 
most media e.g. C. upsaliensis (Warmsley and Karmali, 1989; Goossens et al., 
1990a). In addition a closely related group of organisms unable to grow at 42 or 
43°C, the normal isolation temperature, and recently reclassified as Arcobacter 
rather than Campylobacter spp. on the basis of their aerotolerance and various 
genotypic tests (Vandamme et al., 1991, 1992), are increasingly being implicated as 
important causes of human gastro-intestinal disease (Patton et al., 1989; Lastovica 
et al., 1989; Kiehlbauch et al., 1991; Taylor et al., 1991). At present, therefore, 
Arcobacter species and C upsaliensis are unlikely to be detected as causes of 
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human (or animal) diarrhoea, neither would they be detected in routine examina- 
tion of human or animal faeces, foods, water or environmental specimens unless 
membrane filtration and non-selective media at 37°C are used. Recently, however, 
a modification to blood-free selective agar has been described which enables C. 
upsaliensis to be isolated, thus removing the practical difficulties of the filtration 
method (Aspinall et al., 1993). Between 1989 and 1991 only 15% of thermophilic 
Campylobacters reported as causes of human diarrhoea in England and Wales were 
identified to species level. Of these 89-93% were C. jejuni and 7-10% were C. coU 
or C. lari, with 0.2-0A% other species of Campylobacter (Pearson and Healing, 
1992). However, Goossens et al. (i990b) reported C. upsaliensis to be the cause of 
13% of Campylobacter diarrhoea cases in Belgium. C. jejuni subsp. cioylei is 
another strain implicated as a cause of diarrhoea that frequently does not grow at 
42°C and is sensitive to cephalothin (Taylor et al., 1991; Bolton et al., 1992). These 
considerations should be borne in mind when reading this review, which will be 
concerned almost exclusively with the thermophilic Campylobacters. 

The media used for isolating Campylobacters from foods and water have been 
derived from those first developed for the isolation of Campylobacters from faeces. 
In some cases the same plating media are still used for both purposes. In line with 
techniques developed for isolating other pathogens, such as salmoneilas, from 
foods and other environments, liquid (enrichment) media have been developed, 
and also pre-enrichment media, intended to aid recovery of sublethaliy damaged 
Campylobacters. Incubation has usually been carried out at 42 or 43'^C. 

Besides a variety of selective agents, almost all of which are antibiotics, media 
for Campylobacter usually contain ingredients to neutralise the toxic effects of 
substances that form in the presence of oxygen and light. In addition, almost all 
workers have found it necessary to incubate plates in an atmosphere of about 
5-7% oxygen, 10% carbon dioxide and 80% nitrogen and/or hydrogen. This can 
be achieved by using a bottled gas mixture of those proportions, by using the 
appropriate gas-generating envelope or by replacing two thirds of the atmosphere 
with a mixture of either nitrogen or hydrogen plus 5-15% carbon dioxide (Skirrow 
et ai., 1982). Skirrow et al. (1991) reported that the presence of hydrogen at not 
less than 7% improved the primary isolation of C. jejuni from faeces. Candle jars 
have been reported to be successful for incubation of plates of Butzier's medium 
Virion, provided 37°C is used (Goossens et al., 19S3). Ribeiro et al. (1985) 
compared growth of C. jejuni, C. coli and C. lari in atmospheres generated by 
burning ethanol (methylated spirit) rather than a candle (pyraffin wax) and found 
higher colony counts and larger colonies using ethanol. Colony counts for C. lari 
were particularly low when using candles. Similar comparisons by Skirrow et al. 
(1987) confirmed these results. Best results were obtained when the spirit was 
burned in a 90 mm diameter Petri dish with the jar not more than half full with 
dishes. Pennie et al. (1984) found that a satisfactory atmosphere could be obtained 
by using a mixture of grade 0 steel wool, previously soaked in cupric sulphate 
solution and an Alka-Seilzcr (sodium bicarbonate) tablet in water, all placed in a 
plastic bag! Jacob and Stelzer (1992) reported that this method worked well. 

Recent work by Jones et al. (1993) has shown that C. jejuni may adapt to grow 
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Table 2 

Most widely used isolation media for thermophilic Campylobacters 



Plating Media 



Skirrow (Skirrow, 1977; see also Baird et al., 1987) 
Butzler (Lauwers et al., 1978) 
Campy BAP (Blaser et al., 1978) 

Preston agar (Bolton and Robertson, 1982; see also Baird et al., 1987) 
Butzler (Virion) (Goossens et al., 1983) 
Butzler (Oxoid) (Goossens et al., 1983) 

mCCD agar (Bolton et al., 1984 modified according to Hutchinson and Bolton, 1984; see also Baird et 

al., 1987) 
Karrnah agar (Karmali et al., 1986) 
Semi-solid medium (Goossens et al., 1989) 



Enrichment Media 



Preston broth (Bolton et al., 1982; see also Baird et al., 1987) 
Doyle and Roman broth (1982) 

VTP FBP broth (a modification by Lovett et al., 1983, of the medium of Park et al., 1981) 

mCCD broth (Bolton et al., 1984, modified according to Hutchinson and Bolton, 1984) 

Park and Sanders broth (1991) 

Exeter broth (De Boer and Humphrey, 1991) 

Hunt and Radle broth (Hunt, 1992) 



in a normal air atmosphere. The implications of this observation are not yet clear, 
but may explain to some extent the 'viable but non-culturable' phenomenon. 
Eraser et al. (1992) reported that, provided the relative humidity was 99%, normal 
air containing 10% carbon dioxide gave larger colonies of C. jejuni and C coli than 
the conventional gas mbcture. However at 95% RH growth was poor. Other 
workers have reported that C. jejuni, as evidenced by its colonial morphology, is 
sensitive to the moisture level in plating media (Buck and Kelly, 1981), although 
changes in colonial morphology could also be due to inhibitory oxygen derivatives 
formed during storage and drying of plates. 

No Campylobacter media with indicator systems for identification of presump- 
tive Campylobacter colonies have yet been developed. Experienced workers gener- 
ally claim to be able to recognise the organism by the typical appearance of 
colonies - flat, glossy and effuse, thinly spreading if the agar is moist. However, 
colonies are sometimes atypical, especially if plates are rather dry, so Gram 
staining of oxidase-positive colonies and examination by microscope for the charac- 
teristic morphology is advisable. 

The number of formulations proposed for the isolation of thermophilic Campy- 
lobacters probably exceeds that for any other group of bacteria, especially if one 
considers that all have been published since 1972 and almost all since 1977. Table 
3 summarises many of these. Before the medium of Dekeyser et al. (1972) was 
available, isolation of 'related Vibrio' (as Campylobacters were then known) de- 
pended on the use of membrane filtration followed by subculture onto nutritionally 
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rich blood agar. The method of Dekeyser and co-workers used a combination of 
centrifugation, filtration through a 0.65 membrane filter and plating of the 
filtrate onto a selective agar. 

Even if all the Campylobacter media formulae had been published with a full 
description of the rationale used in their development, there would be insufficient 
space to consider them in detail. This review will examine the basic principles the 
media have in common and then concentrate on the details of the most widely 
used ones. The commonly used plating and liquid media are listed in Table 2. 
Filtration methods have frequently been used to concentrate Campylobacters in 
samples of water (Bolton et al., 1982; 1987; Ribeiro and Price, 1984; Rosef et al., 
1987; Stelzer et al., 1988; Brennhovd et al., 1992). Filtration is sometimes followed 
by liquid enrichment, sometimes by direct plating onto selective agar. Centrifuga- 
tion has also been used when examining food samples (Lovett et al., 1983). 



1. Basal media 

Few publications provide an explanation for the choice of basal medium and 
many have been used. Although Campylobacters will grow in relatively simple 
media such as nutrient agar, most workers have used basal media developed for 
other fastidious capnophilic or anaerobic pathogens such as brucella or thioglycol- 
late medium, Columbia or blood agar base and Miiller Hinton broth. However, 
Bolton and Robertson (1982) chose nutrient broth no. 2, an unsophisticated 
medium, as the basis for their Preston media because it contained less thymidine, 
an antagonist to the activity of the selective agent trimethroprim, used in most 
selective solid and liquid media (see Table 3). 



2. Blood 

Most solid media incorporate blood at levels between 5 and 15%. Some media 
use defibrinated blood from various animals and others lysed horse blood. Only 
one uses Ij'sed sheep blood (Stelzer and Jacob, 1992). Skirrow et al. (1982) stated 
that lysed horse blood was needed to neutralise trimethoprim antagonists which 
are present in most media. Many media which incorporate trimethoprim do not 
contain lysed horse blood although blood of some type is usually present. The 
media of Martin et al. (1983) and Goossens et al. (1989), neither of which contain 
blood, have the highest concentrations of trimethoprim. Presumably this is neces- 
sary to counteract the thymidine. Blood is also thought to be active in neutralising 
toxic oxygen derivatives (Juven et al., 1985; Weinrich et al., 1990). 



3. FBP and other bloodless supplements 

A combination of ferrous sulphate (FeSO^ • 7H2O), sodium metabisulphite and 
sodium pyruvate (FBP), each at 0.25 or 0.5 g per litre was suggested by George et 
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al. (1978) and Hoffman et al. (1979a) as an addition to Campylobacter media to 
counteract the toxic effect of oxygen (Hoffman et al., 1979b). Many selective media 
contain some or all of these compounds but concentrations vary. A few media 
contain both FBP supplement and blood (e.g. Gilchrist et al., 1981; Weber et al., 
1987; Stem et al, 1992) but in most cases media contain either blood or FBP. 
Alternatives to blood or FBP include haematin (Razi and Park, 1979; Wesley et al., 
1983; Karmali et al., 1986) and charcoal (Bolton et al., 1984; Karmali et al., 1986). 
Lignite-derived humic acids plus 0.05% FeS04 • 7H2O have been proposed as an 
alternative system (Weinrich et al., 1990). The mode of action of these supple- 
ments is not clear, but they may help to neutralise hydrogen peroxide, singlet 
oxygen and/or superoxide ions. 



4. Storage of Campylobacter plating media 

Hoffman et al. (1979a) found that growth of Campylobacters was substantially 
reduced when plates of nutrient medium were stored in the presence of light and, 
in particular, air. Similar results were obtained by Bolton et al. (1984) and Juven 
and Rosenthal (1985). The incorporation of aerotolerant supplements such as FBP 
or blood into Campylobacter media reduces this effect but does not completely 
eliminate it (Fricker, 1985; Weinrich et al., 1990). Preston agar stored aerobically 
at room temperature inhibits the growth of C. lari to a greater extent than C. jejuni 
or C. coli (Fricker, 1985). Loss of moisture is probably also a factor (Buck and 
Kelly, 1981; Fraser et al., 1992). Campylobacter plates prepared in the laboratory 
should therefore either be u^ed immediately or after storage in the dark anaerobi- 
cally at room temperature, or aerobically in the refrigerator with precautions to 
prevent dehydration. A maximum storage time of 5 days for laboratory prepared 
plates is probably advisable. 



5. pH 

The pH of many of the isolation media is not specified, but presumably 
approximates to that of the basal medium used, normally near neutrality. Some 
liquid enrichment media have a pH ca. 8.0 (Wesley et al., 1983) although Park el 
al. (1983) found that their medium functioned best at pH 7.0. High pH media 
could be used to counteract acid production by competitive flora. The ability of 
competitive flora to acidify the enrichment media may depend on the food under 
examination (Humphrey, 1986b). 



6. Choice of antibiotics 

Antibiotics in selective media developed for Campylobacters were chosen on the 
basis of those to which test strains were resistant and those most effective in 
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inhibiting competitive flora. Table 4 lists the results of various published studies on 
the resistance of Campylobacters to antibiotics. Neither Butzler {Dekeyser ct a!., 
1972; Butzler et al., 1973; Lauwers et a!., 1978), Skirrow (Skirrow, 1977; Butzier 
and Skirrow, 1979) nor Blaser (Blaser et al., 1979) published the full rationale for 
the development of their media. Probably these authors used data from Piastridge 
et al. (1964), Butzler et al. (1974) and Vanhoof et al. (1978). Later workers will 
have had access to other studies listed in Table 4. Piastridge et al. examined 57 
strains of 'related vibrio' bacteria that probably belonged to the C. jejuni /C. coli 
group, finding them resistant to bacitracin, novobiocin and polymyxin B. Butzler et 
al, (1974) found over 90% of 114 strains of related vibrios resistant to cephaiothin 
and all were resistant to vancomycin and rifampicin. With few exceptions (Ng et 
al., 1985 and presumably Piastridge et al., 1964) the strains tested had been 
isolated using antibiotic-containing selective media and so the possibility of missing 
strains sensitive to the antibiotic used in the selective media will have been 
perpetuated. 



7. Antibiotic activity 

Polymyxin is generally active only against Gram-negative bacteria, and Proteus 
spp. are sometimes resistant. Trimethoprim usually inhibits Proteus spp. as well as 
other Gram-negative bacteria. Colistin is closely related to polymyxin, has a similar 
spectrum of activity and is used in some media instead. Vancomycin and rifampicin 
are both used, but not usually together. They are effective against Gram-positive 
bacteria. Rifampicin is also active against Gram-negative organisms. Butzler's 
media have generally incorporated bacitracin instead of vancomycin. The 
cephalosporins (cephaiothin, cefaperazone) have a wide spectrum of activity against 
Gram-positive bacteria. Cefoperazone is now usually preferred because some 
Campylobacters, especially C coli, are sensitive to cephaiothin (Brooks et al., 1986; 
Ng et al., 1985, 1988; Burnens and Nicolet, 1992). Cycloheximide (actidione), 
amphotericin B or nystatin are present in many media to inhibit yeasts and moulds. 



8. Development of plating media (Table 3) 

Bolton and co-workers gave the most detailed rationale for their formulation of 
Preston and CCD (charcoal, cefazoiin (later replaced by cefoperazone) deoxy- 
cholate) media. When developing Preston medium, Bolton and Robertson (1982) 
carried out a survey of the MIC's of 104 strains of Campylobacter spp. and a 
variety of competitive organisms against four antibiotics (polymyxin, rifampicin, 
vancomycin and trimethoprim). They chose polymyxin because of its activity 
against Gram-negative bacteria (except for Proteus spp., which were suppressed by 
the trimethoprim). Because rifampicin showed a wide spectrum of activity against 
Gram-positive and Gram-negative bacteria it was chosen in preference to van- 
comycin, which has limited activity against Gram.-negative organisms. Ampho- 
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tericin B was added to inhibit yeasts. The level of polymyxin was set ?.t 5000 iu per 
litre on the basis of Vanhoofs results, which showed that some Campylobacters 
were sensitive to lOOOOiu per litre. When developing their CCD medium Bolton 
and co-workers determined that Campylobacters grow best on solidified nutrient 
broth no. 2, after comparison with other media such as Columbia blood agar base, 
veal or brain heart infusion and diagnostic sensitivity test agar. They then carried 
out a systematic survey of alternatives to blood for neutralising oxygen toxicity by 
comparison with the growth of Campylobacter obtained on nutrient agar plus 5% 
lysed horse blood (Bolton and Coates, 1983; Bolton et al., 1984a). A combination 
of 0.4% charcoal, 0.25% ferrous sulphate and 0.25% sodium pyruvate was best. A 
further study (Bolton et al., 1984b) surveyed the effect of 11 dyes, 17 chemical 
compounds and 14 chemotherapeulic agents on one strain each of C. jejuni 
biotype 1, C jejuni biotype 2, C coli and a NARTC (nalidixic acid resistant 
thermophilic Campylobacter - C. km) and a selection of Gram-positive and 
Gram-negative competitive bacteria. No details were given of either the competi- 
tive test strains or the inhibitors examined, but deoxycholate and cefazolin were 
chosen as the most effective inhibitory agents. Casein hydrolysate was found 
necessary to stimulate the growth of environmental NARTC (C. lari) strains. 
CCDA, apart from Karmali's medium, is the only widely used plating medium not 
using blood. This is useful, particularly for laboratories specialising in food 
microbiology in which the use of blood in media is uncommon. Blood is expensive, 
has a short shelf life and is easily contaminated. Later Hutchinson and Bolton 
(1984) replaced cefazolin (10 mg/1) by cefoperazone (32 mg/1). This allowed fewer 
contaminants to grow, and permitted the modified medium (mCCDA) to be used 
at 37°C. However, amphotericin B was needed to prevent overgrowth by yeasts 
able to grow at 37°C but not at 42°C. 

No rationale is provided by Blaser et al. (1979) for their 'Campy-BAP' medium, 
which has a similar formulation to Skirrow (1977) agar, but with added cephalothin, 
as used by Lauwers et al. (1978). 

In 1983, Butzler and co-workers produced a second selective plating medium 
called Butzler medium Virion (Goossens et al, 1983). This was said to be superior 
to a slightly modified version of their 1978 medium (Lauwers et al., 1978), 'Butzler 
medium Oxoid', which had a different basal medium, less blood and cephazolin 
instead of cephalothin. Butzler medium Virion substituted cephoperazone for 
cefazolin, rifampicin for vancomycin, colistin for polymyxin and trimethroprim and 
amphotericin B for cycloheximide. The Virion medium was said to suppress 
competing flora more effectively, especially pseudomonads and Enterobacteri- 
aceae. Campylobacter colonies were easier to recognise. Incubation temperature 
was reduced from 42°C to 37°C (Butzler et al., 1983). Goossens et al. (1986) 
modified the Virion medium, omitting the colistin and doubling the concentration 
of cefoperazone in order to detect colistin-sensitive Campylobacters, including 
some strains of C. coli, reported by Ng et al. (1985) to be sensitive to colistin and 
polymyxin. Goossens and co-workers found no significant improvement over their 
Butzler Virion agar. However, they recommended its use in preference to the 
earlier medium, presumably because they felt it would be able to isolate colistin- 
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and polymyxin-sensitive Campylobacters, Burnens and Nicolet (1992) were able to 
isolate C. upsaliemis after changing to the medium of Goossens et al. (1986). 

The medium of Karmali et al. (1986) is a variation of modified CCD medium 
(Hutchinson and Bolton, 1984) using haematin rather than ferrous sulphate, 
vancomycin instead of deoxycholate and cycloheximide ii/stead of amphotericin B. 
Vancomycin at 20 mg per litre rather than the more common 10 mg per litre was 
chosen for better suppression of Gram-positive competitors {Bacillus spp. and 
enterococci). CVcloheximide was chosen because of superior yeast suppression. In 
agreement with Hutchinson and Bolton (1984) cefoperazone was found superior to 
cephalothin. The most numerous contaminants were found to be Enterobacteri- 
aceae which are resistant to cefoperazone when present in high numbers, espe- 
cially Klebsiella oxytoca. The rationale for the modification to the oxygen quench- 
ing system was not stated. 

The semi-solid medium of Goossens et al. (1989) relies upon the ability of 
Campylobacters to swarm, analogous to the system used in semi-solid Rappaport 
Vassiliadis media for salmonellas (Busse, 1993). The use of a semi-solid medium, 
where growth and swarming is mostly below the surface apparently dispenses with 
the need for blood, charcoal or other anti-oxygen system other than a microaerobic 
atmosphere. The medium has to be stored in the dark at 4''C, and prepared twice 
weekly. Cefoperazone (30 mg/1) and a high level of trimethoprim (50 mg/1) are 
used as selective agents. Three strains of C. jejuni and 7 strains of C. coli with 
MlC's to cefoperazone < 100 jicg/ml (screened in a previous study of 200 in- 
hibitors) were tested for their ability to swarm in the new medium; all gave 
satisfactory results. Eleven different Campylobacter strains were tested for their 
ability to initiate swarming in the medium. A range of 1-15 cells was necessary, 
with a mean of 6.7. The medium functioned very well by comparison with other 
plating media. Neat faecal samples were inoculated using a loop at the edge of 50 
mm diameter Petri dishes of the medium. Incubation was at 42''C for 42 h in a 
microaerobic atmosphere or a candle jar. Positive Campylobacter cultures were 
recognised by the characteristic swarming growth. Presumably isolation required 
subculture to selective or non-selective plates to obtain a pure growth. Polymyxin 
or other Gram-positive inhibitors, as well as anti-fungal antibiotics were not 
necessary because competitor bacteria did not swarm. The medium had a number 
of advantages: cheapness because of the small volumes needed, no necessity for 
blood, only two antibiotics in the formula, easy interpretation of swarming, low 
incidence of contaminants, and the ability to fit large numbers of 50 mm plates 
into gas jars. A disadvantage would be the unsuitability of semi-solid agar for 
quantitative estimates of Campylobacters, unless MPN techniques were used. 

Recently Aspinall et al (1993) have developed a modification of mCCD agar 
designed to isolate C. iipsallensis as well as the other thermophilic Campylobacters 
at 37°C. Of 5 1 strains of C upsaliensis tested, 47 were resistant to 8 mg per litre of 
cefoperazone in CCD agar base and ail were resistant to 64 mg per litre of 
teicoplanin. The medium contains 8 mg/1 cefoperazone and 4 mg/1 teicoplanin, 
replacing 32 mg/1 cefoperazone in mCCD agar (Table 3). Teicoplanin has an 
antimicrobial spectrum similar to that of vancomycin, active mainly against Gram- 
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positive bacteria. By comparison with mCDD agar the final formulation isolated 
equivalent numbers of Campylobacter spp. other than C. upsaUensis from faeces 
and was superior to mCCD agar for C. upsaUensis. with slightly more growth of 
competitors. The.se results were confirmed using faeces artificially inoculated with 
C upsaUensis. 



9. Membrane filter method of Steele and McDemsott (3984) 

This method ir. a simplification of the filtration method of Dekeyser et al. 
(1972). It employs 47 mm 0.45 ^m cellulose triacetate membrane filters, placed 
centrally on a 90 mm 6% sheep blood agar plate. Ten to twelve drops of a 1 in 10 
suspension of faeces in physiological saline solution are placed onto the membrane 
filter using a Pasteur pipette and taking care not to let the drops spill over the 
edge of the membrane. The membrane is removed after 30 min, by which time the 
fluid (and presumably sufficient Campylobacters) will have passed through. The 
plates are then incubated micro-aerobically at 4rC ± TC for 3-5 days examining 
daily. Cellulose nitrate filters were unsatisfactory and 0,8 /zm pore size gave 
unacceptable levels of contamination; 0.65 ixm filters were not tested. 

Comparison of the filter method with a selective medium containing sheep 
blood, FBP supplement, trimethoprim, vancomycin and colistin gave 45 positive 
with the selective medium and 50 with the filter method out of a total of 56 
positive samples from the 1000 tested. Six strains of C. jejuni were not isolated by 
the filter method and I i Campylobaaer spp. were not isolated with the selective 
medium. Six of these were C. jejuni. None of the non-C. jejuni strains grew in the 
selective agar because of the colistin present (they were also sensitive to polymyxin). 
These authors found that the filter method usually gave either Campylobacter 
colonies or no colonies at all. However, only about \{)% of Campylobacters in the 
faecal suspension actually passed through the filter. This method or a similar one 
(e.g. using 0.55 /.'.m titers) has been used by various workers, often in parallel with 
selective agai media or after selective enrichment (Megraud and Gavinct, 1987; 
Goossens et al., 1990b; De Boer and Reitsma. 1991; Moreno et al., 1993; Scotter et 
al., 1993), Shanker ct al. 0991), working with 0.45 jum cellulose acetate or mixed 
cellulose ester filters and artificially contaminated faeces, found that lO'^/g of 
most strains of Campylobacter could be detected. In their procedure the filter was 
removed 10 minutes after applying the faecal suspension. 



10. Enrichment methods fur isolation from food 

The Preston and mCCD media of Bolton and co-workers have been utilised as 
enrichment media using the same inhibitors, and incubation at 37 or 42''C. Liquid 
Preston medium contains 0.25 g/l FBP in addition to 5% horse blood (Bolton et 
al., 1982; Baird ct al. 1987). Both media have been found useful for isolating 
c^^mpylobacters from samples in which Campylobacter numbers are comparatively 
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low (e.g. faeces of normal animals, water and drain swabs - Bolton et al., 1982, 
1983). 

Park et al. (1981) developed an enrichment broth based on Brucella broth, 
containing vancomycin, trimethroprim and polymyxin B (VTP). It was later modi- 
fied (Park et al., 1983) by adding FBP supplement and lysed horse blood, reducing 
the amount of the polymyxin B and increasing that of vancomycin and trimetho- 
prim (VTP-FBP) - see Table 3. The media were used to examine raw chickens. 
Carcasses were rinsed with nutrient broth, which was then filtered through 
cheesecloth and centrifuged. The sediment was resuspended in Brucella broth and 
then either plated directly onto selective agar or added to the enrichment broth. 
Incubation was carried out at 37°C under microaerobic conditions. VPT broth was 
found to detect 0.2 Campylobacters per g of sediment in the presence of 10'*- 10^ 
competitors per g (Park et al., 1981). Enrichment showed 62% of chickens to be 
positive for Campylobacters, compared with 32% by direct plating. VPT-FBP broth 
functioned better at 37°C than 42°C and 48 h incubation was better than 24 h or 72 
h. pH 7.0 was optimal. 

Christopher et al. (1982) used a liquid version of Campy- BAP agar (see Table 3) 
with added pyruvate. This medium contained cephalothin and amphotericin B in 
addition to vancomycin, polymyxin and trimethroprim. Ehlers et al. (1982) modi- 
fied this medium by adding FBP. The broth was incubated at 42''C in microaerobic 
atmosphere. The limit of detection in cheese artificially contaminated with C. 
jejuni and using an MPN method was about 0.3 Campylobacters per g. Acuff et al. 
(1982) published a similar modification containing FBP, but without blood. Doyle 
and Roman (1982) developed a broth similar to that of Park and co-workers, but 
with a very high level of polymyxin (20,000 iu per litre), cycloheximide and an 
oxygen quenching system of 7% lysed horse blood, as well as added succinate and 
cysteine HCI. Incubation was microaerobic at 42°C, for 16-18 h. The medium was 
evaluated using a variety of foods artificially inoculated with 46 strains of C jejuni 
2 of C. coli and 2 of C lari. 10 or 25 g of food were homogenised directly in 90 or 
100 ml of enrichment broth. Campy-BAP agar was used as the plating medium. All 
strains in raw hamburger and raw milk were detected at 1-4 cells per g and most 
at 0.1 to 0.4 cells per g. The broth was less effective for chicken, probably due to 
the numbers and types of competitors. 

Wesley et al. (1983) used a medium (alkaline tryptone broth) containing 
rifampicin, polymyxin at 20,000 iu per litre and 6.25 mg/1 of cefsulodin. The levels 
of polymyxin and cefsulodin chosen were necessary to inhibit Pseudomonas aerugi- 
nosa contaminants. FBP and haematin were included as oxygen quenchers and the 
optimum pH level was 8.0. 100 ml of broth was inoculated with 10 ml of carcass 
rinse fluid. Incubation was microaerobic at 42°C for 48 h. Comparison of this 
medium with the medium and sampling method of Park et al. (1981) for isolation 
of Campylobacters from navurally contaminated chicken gave a much highei 
isolation rate (25 versus 6 out of 50 chickens using the Wesley or Park mediun- 
respectively). 

Lovett et al. (1983) modified the medium of Park et al. (1981). They added FBP 
and as a result of testing growth of C jejuni strains and competitors, reduced tht 
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level of polymyxin and increased the levels of the other antibiotics (Table 3). The 
8,000 iu per litre of polymyxin used in the Park formulation was found to be 
inhibitory to many strains of C. jejuni. 



11. Effect of damage 

Ray and Johnson (1984a,b) observed that viability of freeze-injured C. jejuni was 
reduced when cells were incubated in selective broth or (to a lesser extent) on 
selective agar at 42°C. They used the liquid medium of Acuff et al. (1982) and 
Campy-BAP agar. The basal media without antibiotics were also inhibitory, an 
effect attributed partly to the high incubation temperature. Blood reduced the 
toxicity, as also did succinate and cysteine. Polymyxin was toxic to the injured cells 
but the other antibiotics were not. As a result of these studies a medium was 
proposed using a modification of the broth of Ehlers et al. (1982), which contained 
succinate and cysteine but no FBP supplement. Incubation was at 37°C for the first 
6 h to resuscitate injured cells before adding the polymyxin and raising the 
incubation temperature to 42°C. 

Humphrey and Cruickshank (1985) investigated the effect of a variety of 
inhibitors used in selective media on 6 serotypes of C. jejuni uninjured or injured 
by freezing, heating or EDTA. Bacitracin, trimethoprim, cefoperazone, colistin, 
novobiocin, vancomycin and deoxycholate were tested in blood agar, all at levels 
used in selective media. The growth rate and colony size of undamaged strains 
were reduced by rifampicin. Injured cells were more affected. Deoxycholate was 
toxic for some but not all injured cells. The toxic effect of rifampicin and 
deoxycholate in complete medium was confirmed for one strain when freeze- 
damaged. Counts on Preston medium were reduced compared to Skirrow, Campy- 
BAP or blood agar for one of the 6 strains. Further work (Humphrey 1986a,b) 
confirmed the observations of Ray and Johnson (1984) that damaged C. jejuni 
recovered better in media at 37°C than 42 or 43°C, even in the absence of 
inhibitors. An enrichment medium and method was subsequently proposed which 
had nutrient broth as the base. To this was added 5% lysed horse blood and FBP. 
Antibiotics were omitted for the initial period of incubation. Food samples were 
incubated in the basal broth for 2 h at 37°C before addition of the antibiotics and 
incubation was continued at 43''C for up to 48 h. The antibiotics were trimetho- 
prim, cefoperazone, colistin, amphotericin B and either vancomycin or rifampicin 
(see Table 3). Some inhibition of C. jejuni was observed even after the 2 h 37°C 
resuscitation period. Vancomycin was less inhibitory than rifampicin. No informa- 
tion was supplied about the incubation atmosphere. The plating medium used 
following enrichment had a similar formulation, but substituted rifampicin for 
vancomycin i i order to suppress competing flora. In a later paper Humphrey 
(1989) suggested that pre-enrichment at 37°C should be continued for 4 h and that 
addition of all antibiotics should be delayed until the 4 h pre-enrichment had been 
completed. The rifampicin-containing enrichment medium was recommended in 
parallel with a similar plating medium (Humphrey 1986b; Table 3). Pre-enrichment 
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at 37°C for 4 h was recommended for all types of sample, even those heavily 
contaminated, such as sewage and chicken skin, although for these, selective 
medium rather than the basal enrichment broth, was recommended. Later the 
broth was modified to contain polymyxin instead of colistin, because of difficulty in 
obtaining colistin (De Boer and Humphrey, 1991; Humphrey, personal communi- 
cation). 

A similar enrichment medium for use with food was suggested by Bolton (Table 
3; personal communication; Anon., undated). It has a rich basal medium to aid 
resuscitation of sublethally damaged Campylobacters. Similarly to Humphrey's 
Exeter enrichment medium, preliminary incubation of the medium complete with 
antibiotics, for 4 h at 37°C was recommended to aid resuscitation of injured 
organisms, followed by 42°C for 14-48 h. The combination of some of the FBP 
ingredients with lysed horse blood and haemin, together with a small headspace in 
the culture vessels was designed to avoid the need for a microaerobic atmosphere. 
Sodium carbonate was added, presumably to prevent acidification and/or provide 
a source of carbon dioxide. The broth is used in a 1:4 (w/v) ratio of food to 
medium, with a 1.5 cm headspace in a screw-capped bottle (presumably with the 
cap tightened). It can also be used to enrich faeces (1 ml of 10% suspension added 
to 5 ml broth). 

Another enrichment method employing similar principles was published in 
abstract only by Park and Sanders (1991) (see Table 3 for formulation). No 
rationale was supplied for the choice of antibiotics. The method involved incuba- 
tion of the broth containing vancomycin and trimethoprim for 4 h at 31-32°C, 
followed by addition of cefoperazone and cycloheximide. Incubation temperature 
was raised to 37°C for 2 h and then 42°C for 40-42 h. All incubation was 
microaerobic; static at 30-32° and 37°, and shaking at 42°C. 

Yet another enrichment medium, a variation of Park and Sanders broth, also 
employing a period of incubation at reduced temperature, and delayed addition of 
antibiotics was devised by Hunt and Radle (cit. Stern and Line, 1992; Hunt, 1992). 
This medium contains 0.25 g/1 FBP and 5% lysed horse blood, cefoperazone, 
trimethoprim, vancomycin, and amphotericin B or cycloheximide (see Table 3). 

Pre-enrichment is carried out in the medium containing all the antibiotics 
(except for 15 mg/I cefoperazone of the final total of 30 mg/1) at 32°C in a 
microaerobic atmosphere in flasks sealed in plastic bags and shaken in a water 
bath. After 3 h the remainder of the cefoperazone is added and the temperature of 
the water bath raised to 37°C. After a further 2 h at 37°C, the bath temperature is 
raised to 42°C. 

The FDA Bacteriological Analytical Manual (1992) recommends use of Hunt 
and Radle broth for most types of food, modified Exeter broth for water and 
environmental samples and Hunt and Radle broth and modified Preston agar for 
dairy products. Frozen products or products stored chilled for 10 days or more are 
pre-enriched according to the Hunt and Radle protocol or the Humphrey (1989) 
protocol. Foods not chill-stored are examined by the Hunt and Radle protocol but 
adding all antibiotics at the beginning of incubation. Shaking water baths are 
recommended for incubation, with continuous gas flow (except during incubation 
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at 30°C if it is static). Plating is on mCCDA and Campy-Cefex directly and after 
enrichment. In general 25 g food is added to 100 ml of enrichment broth. Liquid 
products such as milk and ice cream are ccntrifuged. Chickens arc rinsed, the rinse 
fluid centrifuged and the pellet added to the enrichment broth. 



12. Atmosphere during incubatioii of enrichment media 

No systematic investigation of the effect of atmosphere during incubation of 
liquid media has been carried out. Some earlier workers used static incubation in 
normal air in screw-capped bottles, sometimes with a small airspace, sometimes 
with the airspace undefined {Bolton et al., 1982b; Fricker et al., 1983; Martin et ai., 
1983; Waterman et al., 1984). Others used static incubation in bottles or tubes in a 
microaerobic atmosphere (Acuff et al., 1982; Ehlers et al., 1982; Megraud, 1987; 
De Boer and Reitsma, 1991). Doyle and Roman (1984) used 250 ml conical flasks 
possessing side-arms and replaced the atmosphere with the microaerobic gas 
mixture. They were evacuated and filled three times. Park et ai. (1981, 1983) and 
Lovett et al. (1983) bubbled microaerobic gas mixture through their enrichment 
broths. Park and Sanders (1991) used static incubation of plastic storage bags 
flushed with microaerobic atmosphere. The report of Ribeiro and Price (1984) who 
used Preston broth containing FBP supplement (George et al., 1978) to isolate 
Campylobacters from water indicated that a microaerobic atmosphere during 
incubation gave a higher isolation rate. Wesley et al. (1983) reported that better 
results were obtained with a high surface area of broth in a flask compared to a 
lower surface area in tubes, in both cases using a microaerobic atmosphere. 
Comparison of Doyle and Roman's evacuation-replacemeni procedure with a 
continuous gas flow procedure using Doyle and Roman's enrichment broth for 
examining inoculated hamburgers indicated that the continuous gas flow gave 
counts 1-2 log cycles higher for 6 out of 8 strains of C. jejuni for both tests 
(Heisick et al., 1984). There appears to be no published justification for the FDA 
recommendation of continuous gas flow with agitation (Hunt, 1992). 



13, Comparisons of media 

The most important comparisons will be discussed in chronological order. Of 
course the earlier comparisons could not examine media only later developed, so 
that the most recent comparisons are likely to be of greatest interest. Comparisons 
published to support the development of a new medium have only been cited 
where several other media have been compared. There are few comparisons of 
media for isolation from food, so this review will also include studies for isolation 
from faeces and water. 

Morris et al. (1982) compared plating media for isolating C. jejuni from (I) dog 
and cat faeces and (2) human diarrhoeal faeces. In the first study BU40 (a 
modification of Butzlefs medium (Butzler and Skirrow, 1979) with 40,000 rather 
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than 10,000 iu per litre colistin (Patton et al., 1981), was compared with Skirrow 
and Butzler medium. Eighty-seven out of 347 samples were positive for C jejuni. 
BU40 gave significantly higher numbers of positive samples than Butzler's or 
Skirrow's media but Butzler and Skirrow media were not significantly different 
from one another. No two media detected all the positive samples but Skirrow + 
BU40 detected 98% of them. Detection of C. jejuni on Skirrow medium was 
sometimes hampered by swarming Proteus spp.. Coliforms were sometimes a 
problem on Skirrow and Butzler media, but not on BU40, and Providencia spp. 
were inhibited only by Skirrow's medium. In the second study, Campy-BAP, 
Skirrow, Butzler and BU40 agars were compared. No significant differences were 
found between these four plating media. A greater number of contaminants was 
found on Skirrow's medium. The difference between the results in the two studies 
may have been because the human faeces examined in the second study were from 
subjects with diarrhoea and hence Campylobacters were present in high numbers. 
In both surveys it was necessary to check the plates at 24, 48 and 72 h in order to 
detect all positive samples. 

Bolton et al. (1983) compared Skirrow, Butzler (with cephazolin), Campy-BAP, 
Blaser agar (a modification of Campy-BAP, with 5% horse blood and blood agar 
base No. 2) and Preston media. Pure cultures of two strains each of C. jejuni, C. 
coli and NARTC (C. lari) were tested. All the media reduced (i.e. up to 1 log 
cycle) the counts of pure cultures of at least some strains compared wivh a 
no i-selective (5% lysed blood) agar. Butzler medium was judged unsuitable for 
cultivating C. coli and C lari (reduction of over 3 log cycles). Examination of 
campylobacter-positive human faeces and faecal samples from sheep, pigs, cattle 
and chickens, plus abattoir drain swabs indicated that no medium detected all 
positive samples. The order of efficiency of isolation was Preston (84%), Blaser 
(76%), Skirrow (74%), Campy-BAP (69%), Butzler (68%). In terms of rate of 
contamination with unwanted organisms, Preston agar had fewest followed by 
Butzler, Skirrow, Blaser and Campy-BAP. The most frequent contaminants were 
coliforms, Pseudomonas spp. and streptococci. Growth of yeasts occurred on 
Skirrow, Butzler and Preston media. Plates read after 48 h at 42°C gave consis- 
tently higher isolation rates than plates read at 24 h. Isolation rates were not 
significantly higher after 72 h, because of overgrowth by contaminants. The use of 
Preston enrichment broth improved isolation rates from samples with compara- 
tively low numbers of Campylobacters - e.g. sheep ?.nd cattle rectal swabs and 
abattoir drain swabs. The observation that Blaser agar gave better results than 
Campy-BAP when the two media were identical except for differing basal media 
and blood content is of interest. Campy-BAP was also the only medium supplied 
ready-made and this might have had an effect. Concerning poor growth of C. lari 
and C coli Bolton et al. commented that they had found that Butzler's medium 
based on Columbia agar and 5% horse blood, instead of blood agar base no. 2 and 
5% horse blood, recovered Campylobacters much more effectively from avian and 
porcine samples, where C. lari and C coli respectively predominate. The later 
Butzler media (Oxoid and Virion) used Columbia agar base. 

Fricker et al. (1983) compared Preston, Skirrow, Butzler (with cephazolin) and 
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Blaser (as used by Bolton et al. 1983) agars, for piating seaguil faeces directiy or 
after enrichment in Preston or Roman and Doyle's enrichment medium. Enrich- 
ment greatly increased the isolation rate. The highest rate of isolation occurred 
using Preston enrichment onto Preston agar. There was little difference in the 
performance of the four selective agar media, except that C. lari and C. colt strains 
grew very poorly on Butzler medium, confirming the ob.servations of Bolton et al. 
(1983). 

Merino et al. (1986) tested seven plating media for the examination of 263 
samples of diarrhoeal faeces from humans. Butzler (with cephazolin, basal medium 
not clear), Blaser, Skirrow, Preston, mCCDA, Butzler Virion and Preston with 2 
mg/1 amphotericin B, All the media isolated Campylobacter at similar frequency, 
but mCDDA was preferred because it gave the lowest number of plates with 
contaminating flora. Incubation at 43°C for 24 h was considered optimal. Further 
incubation until 48 h resulted in overgrowth of contaminants. 

Roscf et al. (1987) compared methods for isolating Campylobacters from natu- 
rally contaminated water. In the first part of their study they filtered the water 
through 0.45 mm and 0.22 mm membranes and compared recovery when the filters 
were placed in Preston, Rosef or Rosef + FBP supplement enrichment broth 
(42°-43°C, incubated in microaerobic atmosphere for 24-48 h), with the recovery 
obtained when the filters were laid face up on Skirrow or CAK agar. Of forty 
positive samples, 39 were detected without enrichment (using CAK and Skirrow 
agar), 27 were detected by use of Skirrow agar alone and 35 using CAK agar alone. 
All positive samples were detected using 0.45 /xm filters and only one using the 
0.22 /im filter. The best enrichment medium was Preston, followed by Rosef + FBP. 
In the second part of the study the water was passed through various combinations 
of 0.65, 0,45 and 0.22 /xm filters which were then placed face up on CAK agar. The 
0,45 fxm filter used alone gave the highest isolation rate followed by the 0.65 jum 
filter used alone. In the third part Preston, CAK and Skirrow agars were com- 
pared, inoculating with 0.45 fim filters, face up, Preston detected the greatest 
number of positive samples, followed by CAK, with Skirrow detecting substantially 
fewer. All three media needed to be incubated for 48 h in order to detect the 
maximum number of positive samples. No bias was observed in proportions of C 
jejuni, C. coli and C. tari isolated on the three plating media. In a similar study, 
using 0.45 /im filters, Brennhovd and Kapperud (1991) compared enrichment in 
Preston broth followed by plating on Preston agar or CAK agar, with direct plating 
of the filters onto Preston or CAK agar. Preston agar gave higher numbers of 
positive samples than CAK agar by direct plating. Direct plating on Preston agar, 
together with enrichment in Preston broth with subculture to Preston agar, 
detected 93% of positive samples. It was necessary to examine plates at 48 h as 
well as 24 h incubation. 

Gun-Munro et al. (1987) compared counts of pure cultures of 70 strains of C. 
jejuni on Skirrow, Butzler, Blaser- Wang, Preston, mCCDA and Karmali media. All 
except Skirrow, mCCDA and Karmali gave slightly but significantly lower mean 
counts than non-selective blood agar, 'Simulated faeces' samples were prepared by 
inoculating each of seventy different faeces samples, previously found to be 
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negative for Campylobacters, with one of the seventy pure cultures of C. jejuni at a 
level of 10"^ per ml faeces. The six media were scored in terms of numbers of 
simulated faeces samples found positive, as well as their ability to inhibit the 
inoculated faecal flora. The percent positive samples detected at 48 h for each 
medium was as follows: Blaser-Wang 41%; Butzler 86%; Preston 91%; Skirrow 
96%; Karmali 97%; mCCDA 99%. Karmali and mCCDA suppressed the competi- 
tive flora more effectively. Karmali was chosen rather than mCCDA to compare 
with Skirrow medium against almost 2,556 human faecal specimens and 224 animal 
and bird specimens. This was because the authors found Campylobacter colonies 
easier to recognise on Karmali than on mCCDA. There was little to choose 
between Skirrow and Karmali medium in terms of productivity, with Karmali 
isolating a few more strains from human faeces in transport media, and from 
chicken faeces. Skirrow medium gave better results on faeces from other animals. 
However, Karmali medium was much more selective and therefore easier to use. 
For instance at 48 h the faecal flora was suppressed by 75% or more with 57% of 
the samples on Karmali, compared with only 32% suppression on the Skirrow 
medium. 

The study by Albert et al. (1992) on human diarrhoeal stools compared mCCDA 
incubated at 42°C with the membrane filter method of Steele and McDermott 
(1984) but using a 0.65 jum pore membrane filter and incubating at 37°C. The filter 
method isolated many more Campylobacters, mostly uncharacterised Campylobac- 
ter spp., C. iipsaliensis and C. jejuni subsp. doylei, but also significantly more C. 
jejuni. Multiple strains of Campylobacter were often isolated from one faecal 
sample using the filter method. The differing performance of the two methods 
could have been due to the different incubation temperatures and/or the antibi- 
otics in the selective medium. Megraud and Gavinet (1987) compared isolation 
rates from human faeces after direct plating on Butzler medium Virion at 42°C for 
2 days with membrane filtration using a 0.65 fim cellulose acetate filter (incubating 
at 37°C) or with membrane filtration after enrichment in Preston broth (all 
incubated at 37°C and plates incubated for 5-7 days). The enrichment filtration 
method was most sensitive and direct plating least sensitive. Better results were 
obtained with Millipore membranes (cellulose nitrate and acetate) than Sartorius 
membranes (cellulose nitrate). 

Moreno et al. (1993) examined faecal samples from various domestic pets and 
compared with direct plating on mCCDA two methods of filtration through a 0.65 
fim pore (Millipore) filters onto 5% horse blood agar. Incubation was at 37^ for 
periods up to 8 days. A filtration procedure was superior to direct plating for 
isolating Campylobacters (particularly C. upsaliensis) from this type of specimen. A 
method that involved initial low speed centrifugation of the faecal suspension 
(10%) in order to prevent clogging of the filter, followed by filtration through a 
0.65 fim filter and high speed centrifugation in order to concentrate the organisms, 
was superior to the Steele and McDermott (1984) method. 
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!4. Isolation from foods 

Beuchat (1985) compared Campy-BAP, CCDA (unmodified - Table 3 - Bolton 
and Coates (1983)) and Butzler agar (as in Table 3: with cephalolhin). plus five 
enrichment media (by MPN) for the isolation of Campylobacters from chiU-slored 
chicken. The chicken had been artificially inoculated with five strains of C. jejuni. 
Recovery was poor with ail the enrichment/plating combinations, but the enrich- 
ment media of Christopher et al. (1981) and Park et al. (1983) combined with 
Butzler's or CCDA media gave best results. The medium of Martin et al. (1983) 
performed particularly poorly. Preston broth and the medium of Rosef and 
Kapperud (1983) gave intermediate results. Direct plating of chicken samples 
diluted in 0.1% peptone water gave better recovery than enrichment, with CCDA 
and Campy-BAP yielding higher counts than Butzler agar. Preliminary study of 
Doyle and Roman's enrichment broth indicated that it was superior to other 
media. 

Fricker (1984) undertook a comparison of three enrichment media: Prestosi, 
Lander and Doyle and Roman all incubated at 42°C, one transport/storage 
medium stored at 4''C (Campy-thio: Blaser et al. 1979) and two plating media - 
Preston and Campy-BAP. All media had 0.05% FBP added and were incubated 
aerobically in 6 ml quantities in quarter oz (ca. 7.5 ml) bottles. Naturally contami- 
nated giblets from frozen chickens were examined. 177/198 samples were positive 
for Campylobacters. Doyle and Roman and Preston media both detected 176 
positive samples while Lander medium detected 159 and the Campy-thio medium 
69. Samples were not plated directly, but the result using Campy-thio, in which 
multiplication of Campylobacters would not have occurred, was probably similar to 
the result that would have been found by direct plating, Preston agar isolated 
Campylobacters more frequently than Campy-BAP (577 v. 562 times). 48 h was the 
optimal time for incubation at 42°C. Enrichment in either Doyle and Roman or 
Preston broth followed by plating onto Preston agar was recommended. 

A comparison of the Doyle and Roman enrichment method with that of Lovett 
et al. (1983) for isolation from milk was carried out by Hunt et al. (1985). The 
Lovett method was significantly better. Heisick et al. (1984) and Heisick (1985) also 
compared the Doyle and Roman broth with the Lovett et al. medium, using 
artificially inoculated beefburgers or milk-puddings and various strains of C. jejuni. 
The two methods gave similar results, although higher numbers of C. jejuni were 
sometimes achieved in the Lovett medium, especially when added in the absence 
of food. 

Peterz (1991) conducted a collaborative trial amongst 6 laboratories in Scandi- 
navia, testing chicken liver artificially inoculated with two strains of C. jejuni at 
levels between 0.3 and 59 per g. 2.5 g were enriched in 50 ml of Preston broth, 
without FBP but incubated microaerobically, at 42°C for 24 h, followed by plating 
onto mCCDA and Preston agar. A detection limit of about one Campylobacter per 
g of liver was determined. The two plating media gave similar isolation rates, 
although mCCDA contained fewer contaminants. 

De Boer and Humphrey (1991) compared Park and Sanders method to Preston 
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broth and mCCD broth for chilled or frozen chicken and found Park and Sanders 
superior, but gave no details. Exeter medium (modified from that described by 
Humphrey (1986b) see Table 3) was reported to give good results when used with a 
37°C 18 h pre-enrichment step. 

De Boer and Reitsma (1991) compared the effectiveness of Preston broth 
(without FBP) and mCCD broth in combination with plating onto Skirrow, 
Preston, mCCDA and filtration through an 0.6 fxm pore membrane used with 
blood agar (modified Steele and McDermott, 1984). All incubation was micro- 
aerobic and naturally contaminated chilled and frozen chickens were examined. 
The two enrichment broths gave similar results, most positives occurring with 
mCCD broth plated via the membrane filter. Direct plating of frozen chicken gave 
much lower numbers of positive results than when samples were enriched (e.g. 8% 
positive versus 27% on mCCDA with or without enrichment in Preston broth 
respectively). With chilled chicken, direct plating on mCCDA gave 32% positive, 
compared with 47% positive after enrichment. Direct plating using the membrane 
filter method was completely ineffective. 

The study of Furanetto et al. (1991), also examining naturally contaminated 
chilled chicken carcasses, compared direct plating on Campy-BAP or VTP-FBP 
agar with plating on the same media after enrichment in Doyle and Roman or 
Preston broth. All incubation was static in a micro-aerobic atmosphere. The 
combination of Doyle and Roman enrichment with Campy-BAP gave the highest 
number (16/42) of positive samples, although the results were not statistically 
significantly different from direct plating on either Campy-BAP (13/42) or VTP- 
FBP agar (11/42). The combination of Doyle and Roman broth with VTP-FBP 
agar gave particularly poor results (1/42). 

Stern and Line (1992) compared the enrichment broths of Doyle and Roman, 
Park and Sanders and Hunt and Radle (plating onto Campy-BAP, mCCDA and 
Campy-Cefex) for examining whole chilled, naturally contaminated chickens. Inoc- 
ula were prepared by rinsing the carcasses with 200 ml buffered peptone, filtering 
the rinse through cheesecloth, centrifuging, discarding the supernatant, streaking 
some of the pellet onto the selective agars, resuspending the rest of the pellet in 5 
ml buffered peptone water and inoculating 1 ml of the resuspension to 100 ml of 
enrichment broth. Microaerobic atmosphere was obtained by replacing the air in 
polythene bags with the appropriate gas mixture (flushing 3 times). All bags were 
incubated in water baths with shaking. The Doyle and Roman broth was incubated 
at 42°C. The Park and Sanders and Hunt and Radle broths were incubated at 32°C 
for 3.5 h, 37°C for 2.5 h and then at 42°C. Cefoperazone supplement was added to 
the Hunt and Radle broth and cefoperazone and cycloheximide to the Park and 
Sanders broth before raising the temperature from 32 to 37°C. Re-gassing of the 
enrichment broths was carried out after adding the supplements. Ten out of 50 
chicken carcasses were positive for Campylobacter by direct plating. Forty-nine out 
of 50 were detected by all the enrichment/plating methods combined. 23, 40 and 
43 positive chickens were detected using Doyle and Roman, Park and Sanders and 
Hunt and Radle broths respectively, mCCD agar gave most positive samples 
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overall, and with the Park and Sanders method, although all three selective media 
detected similar numbers of positive samples from Hunt and Radle broth. 

The study of Scotter et al. (1993) used frozen samples of naturally contaminated 
chicken skins, in which the Campylobacters were more likely to be damaged, and 
therefore require pre-enrichment. Twelve laboratories in the UK participated in 
the trial. Tests were carried out using two methods defined in a draft International 
Standards Organisation Method. The three enrichment methods used 10 g quanti- 
ties of food in 90 ml of enrichment medium, under a small headspace. They were 
as follows: (1) Preston broth without FBP supplement, incubated in micro-aerobic 
atmosphere at 42°C for 48 h; (2) Park and Sanders broth incubated aerobically, 
with antibiotic supplement and at times and temperatures prescribed by Park and 
Sanders (1989); (3) in Preston broth containing FBP supplement, aerobically, but 
according to the temperatures and times prescribed by Humphrey (1989) - 37°C 
for 4 h and then 42°C for 44 h. All broths were plated directly onto Skirrow agar. 
Method 1 used any selective medium chosen by the participant, method 2 used a 
0.65 jLtm membrane on non-selective blood agar and method 3 used Preston agar in 
addition. All plates were incubated at 42°C. At 10 cells per 10 g chicken skin all 
three methods were equally effective. At about 2 cells per 10 g, method 2 gave 
significantly higher isolation rates. Skirrow agar was frequently overgrown with 
pseudomonads and proteus. The membrane plus non-selective agjir was as effec- 
tive as selective agars such as mCCDA. No advantage was gained by pre-enriching 
at 37°C for 4 h (method 3). However, pre-enrichment at 37°C for 4 h was intended 
by Humphrey (1989) tor use with his (Exeter) medium (Humphrey, 1986b), not 
Preston broth. 



15. Conclusions 

Media for isolating Campylobacters and related bacteria from faeces and other 
environments such as food and water are not yet optimal, and there is so far no 
consensus concerning the best media and methods. The key to elucidating efficient 
and economic media and methods might lie in more investigation into the phe- 
nomenon of 'viable but not culturable' Campylobacters and the ability of at least 
some strains of C. jejuni to adapt to grow in air, losing the ability to grow in a 
microaerobic atmosphere (Jones et al, 1993). Future developments could include 
the use of aerobic incubation and /or different media for some groups, as well as 
37°C instead of 42° or 43°C. Some plating media are already incubated at 37°C. 

Of the plating media listed in Table 2, probably the most widely used today are 
Skirrow, Campy-BAP, Preston, mCCD, Butzler (Virion) and Karmali. mCCD and 
Karmali agars have performed best in comparative studies using faecal samples. 
Other media - e.g. the semi-solid medium of Goossens et al. (1989) and the 
medium of Aspinall et al. (1993), have yet to be tested in comparative studies. If 
cefoperazone- and polymyxin- or colistin-sensitive Campylobacters are sought 
and/or arcobacters and C. jejuni subsp. doylei, which do not grow at 42°C or 43°C, 
media such as mCCD, those of Goossens ct al. (1986) and Aspinall et al. (1993) 
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and the semi-solid medium of Goossens et al. (1989) incubated at 37°^ might be 
useful. Use of modifications of the membrane filter method of Steele and McDer- 
mott (1984) in combination with non-selective blood agar are useful for this group, 
but only if relatively high numbers of Campylobacters are present in the faecal 
suspension or enrichment culture. 

Development of liquid enrichment media has so far been confined to the 
isolation of thermophilic Campylobacters, predominantly C. jejuni subsp. jejuni. 
Future work may be directed towards modifying these media and current methods 
in order to detect the mesophilic and antibiotic-sensitive types mentioned above. 
This may, in turn, depend on whether those types are perceived to be an important 
cause of diarrhoea, and whether contaminated food is shown to be a vector. 

More investigation is needed concerning the optimal atmospheric conditions 
necessary for thermophilic Campylobacters in liquid medium, including whether an 
aerobic atmosphere might be advantageous for some applications, possibly in 
parallel with micro-aerobic conditions. 
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[57] ABSTRACT 

A solid or semi-soUd culture medium, designated Campy- 
Cefex, for the isolation of Campylobacter species. The 
culture medium includes: 

(a) a nutrient medium with an energy source effective to 
support growth of Campylobacter; 

(b) agar; 

(c) blood; 

(d) a first selective agent selected from cycloheximide, its 
salts, or mixtures thereof; and 

(e) a second selective agent selected from cefoperazonc, 
its salts, or mires thereof. 

In use, the sample to be analyzed is inoculated onto the 
Campy-Cefex culture medium, and subsequently incubated 
for a sufficient time and under conditions effective to pro- 
mote growth of Campylobacter. Following incubation, the 
culmre medium may then be examined for the presence of 
any colonies of Campylobacter. 
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CAMPY-CEFEX SELECTIVE AND 
DIFFERENTIAL MEDIUM FOR 
CAMPYLOBACTER 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

This invention relates to an improved medium for the 
selective and differential culture of Campylobacter species, 
especially C. jejuni and C. coU. 

2. Description of the Prior Art 

Campylobacter jejuni, C. coli and C. laridis are known to 
cause an estimated 2.2 million cases of foodborne gastro- 
enteritis per year in the United States alone (Tauxe et al., 
1987, Am. J. PubUc Health, 77:1219-1221). The vast major- 
ity of these cases are associated with the consumption of 
improperly prepared poultry or foods and hands cross- 
contaminated by raw poultry. Although the origin of this 
disease in humans is primarily linked to poultry, the food 
microbiology and poultry communities have been slow in 
directing substantive attention toward the organism. In part, 
this has been due to the unique physiological requirements 
of these organisms, impairing their culture and identification 
from foods and clinical specimens. 

A variety of enrichment and culture media have been 
proposed for the isolation of Campylobacter species [Park et 
al, Campylobacter, In; Compendium of Methods for the 
Microbiological Examination of Foods, second edit., M. L. 
Speck (ed.). Am. Pub. Hlth. Assoc., Washington, D.C., 1984, 
p. 386-404, the contents of which are incorporated by 
reference herein]. Because Campylobacter can be over- 
grown by other organisms present in sect sources, the use of 
selective media, incorporating antibiotics and/or antimicro- 
bial agents, is essential for their culture. Ideally, any culture 
medium selected should also be differential, allowing the 
characterization of the Campylobacter by distinctive colo- 
nial appearances in culture. 

Butzler developed a selective medium for C. jejuni con- 
taining a nutrient agar base, blood, and five selective agents, 
cycloheximide, cefazolin, bacitracin, colistin sulfate and 
novobiocin, as described by Smibert [Canpylobacecr, In: 
Sergey's Manual of Systematic Bacteriology, Vol. 1, Krieg 
and liolt (ed.), Williams and Wilkins, Baltimore, Md., 1984, 
pages 111-115, the contents of which are incorporated by 
reference herein]. Other selective media that have been 
developed include: Preston medium (Hut hinson and Bolton, 
J. Clin. Pathol., 1983, 36:1350-1352) containing nutrient 
broth, agar, lysed horse blood, cyclohemimide, polymyxin 
sulphate, trimethoprim lactate and rifampicin; Skirrow's 
medium (Skirrow, Br. Med. J., 1977, ii:9-ll) containing a 
nutrient agar base, lysed horse blood, vancomycin, poly- 
myxin and trimethoprim; and Camipy-BAP (Blaser et al., 
1979, Ann. Intern. Med., 91:179-185) containing brucella 
agar, sheep erythrocytes, vanoocycin, trimethoprim, poly- 
myxin B, cephalothin, and amphotericin B. While all of 
these media offer some selectivity, the degree of this selec- 
tivity has been limited, and the growth of some strains of 
Campylobacter may be inhibited as well. 

One agar medium in particular, CCDA, has gained promi- 
nence for the isolation of Campylobacter. Early formulations 
of CCDA (Hutchinson and Bolton, 1983, J. Clin. Pathol., 
36:1350-1352) contained nutrient broth, agar, charcoal, 
casein hydrolysates, ferrous sulfate, sodium pyruvate and, as 
selective agents, sodium deoxyoholate and cephazolin. In 
later formulations the cephazolin was replaced with cefop- 
erazone for improved selectivity (Hutchinson and Bolton, 
1984, J. Clin. Pathol., 37:956-957). However, colonies of 



SUMMARY OF THE INVENTION 

We have now discovered an improved solid or semi-solid 
culture medium, designated Campy-Cefcx, for the isolation 
of Campylobacter species. The culture medium includes: 
I (a) a nutrient medium with an energy source effective to 
support growth of Campylobacter; 

(b) agar; 

(c) blood; 

(d) a first selective agent selected from cycloheximide, its 
salts, or mixtures thereof; and 

(e) a second selective agent selected from cefoperazone, 
its salts, or mixtures thereof. 

In use, the sample to be analyzed is inoculated onto the 
Campy-Cefex culture medium, and subsequently incubated 
for a sufiBcient time and under conditions effective to pro- 
mote growth of Campylobacter. Following incubation, the 
culture medium may then be examined for the presence of 
any colonies of Campylobacter. 

In accordance with this discovery, it is an object of this 
' invention to provide an improved culture medium and 
method for the isolation of Campylobacter species. 

A further object of this invention to provide a culture 
medium which is both selective and differential for the 
growth of Campylobacter in samples containing a mixed 
flora of microorganisms. 

Other objects and advantages of this invention will 
become readily apparent from the ensuing description. 



The Campy-Cefex medium of this invention may be used 
for the isolation of Campylobacter, particularly C. jejuni 
and/or C. coli, from a variety of sources. Although the 

40 medium is particulariy valuable for the growth and recovery 
of this microorganism from samples taken from poultry 
carcasses, especially chickens, it is understood that the 
medium may also be used for the isolation of Campylobacter 
from any samples suspected of containing this pathogen. 

45 Without being limited thereto, other sources include animal 
carcasses such as cattle and sheep, food, milk, water, or 
clinical sources such as faces or blood. The culture medium 
contemplated for use in this invention may be prepared 
using techniques conventional in the art. The basal medium 

50 components, including agar and nutrient medium with an 
energy source are mixed and sterilized by autoclaving. After 
cooling the sterilized basal medium to about 50°-55° C, 
blood and filter-sterilized cycloheximide and cefoperazone 
are added with mixing, and the medium finally poured into 

55 a culture container such as a petri dish or flask and cooled 
to allow the agar to solidify. 

Basal medium components selected for use are not critical 
and may be readily determined by the practitioner skilled in 
the art. Any nutrient medium and energy source effective to 

60 support growth of Campylobacter, particularly C. jejuni 
and/or C. coU, may be used. Suitable nutrient media include 
but are not limited to Brucella agar (e.g. BBL, Cockeysville, 
Md.; Difco Laboratories, Detroit, Mich.; or CM 691, Oxoid, 
Columbia, Md.), Campylobacter agar base (Difco), Blood 

65 agar base no. 2 (Oxoid), Brain-heart infusion agar (BBL; 
Difco), or Columbia Blood Agar Base. A variety of energy 
sources may also be employed, and may be incorporated into 
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commercially available nutrient media or added separately. 
Suitable energy sources for use in the medium are described 
by Smibert (in Bergey's Manual, ibid, the contents of which 
are incorporated by reference herein) and include pyruvate, 
citrate, succinate, cis-aconitate, isocitrate, a-ketoglutarate, 
fumarate, malate, and oxaloacelate. 

The source of the blood added to the medium also is not 
critical. While horse blood, and especially lysed horse blood, 
is preferred, it is understood that other blood sources may be 
used, such as sheep blood. 

As noted hereinabove, Campy-Cefex includes two selec- 
tive agents to prevent the growth of contaminating micro- 
organisms present in the samples to be tested, but which do 
not inhibit growth of Campylobacter species. The first 
selective agent is selected from cycloheximide, its salts, and 
mixtures thereof. The second selective agent is selected from 
cefoperazone, its salts, and mixtures thereof. Particularly 
preferred as the selective agents are the sodium salts of 
cycloheximide and cefoperazone. Surprisingly, we have 
discovered that the combination of these two selective 
agents in Campy-Cefex provides excellent selectivity for 
Campylobacter without the need for additional antibiotics or 
antibacterial agents employed by other media conventional 
in the art as described hereinabove. 

Other adjuvants may also be incorporated into Campy- 
Cefex medium for enhancing growth and/or aerotolerance of 
Campylobacter. Preferred adjuvants enhancing aerotoler- 
ance are described by Smibert (ibid) and include but are not 
hmited to sodium pyruvate, ferrous sulfate, bovine super- 
oxide disrautase, catalase, and reducing agents such as 
sodium bisulfite or sodium metabisulflte. Particularly pre- 
ferred for addition to the medium are ferrous sulfate, sodium 
metabisulflte or sodium bisulfite, and sodium pyruvate 
(FBP). It is understood that the use of blood in the media 
also enhances aerotolerance because it contains catalase and 
superoxide dismutase. 

The concentration and amount of each of the components 
of the Canny-Cefex medium are variable and may be readily 
determined by the practitioner skilled in the art. The amount 
of each component of the basal or nutrient media should be 
effective to promote growth of Campylobacter species, 
while the amount of the first and second selective agents 
should be effective to inhibit growth of contaminating 
(non-Campylobacter) micro-organisms without substan- 
tially inhibiting growth of Campylobacter species relative to 
culture medium lacking these selective agents. Without 
being limited thereto, preferred ranges of the selective 
agents include about 20-50 mg of cefoperazone, and about 
100-400 mg of cycoheximide per liter of Campy-Cefex 
medium. In accordance with a particularly preferred formu- 
lation of Campy-Cefex, ranges of the amount of each 
component per hter include but are not limited to: 



The final pH of the medium should generally be between 
about 6.5 to 7.5. 

In use, the sample to be analyzed is inoculated onto the 
culture medium using techniques conventional in the art and 
is incubated for a sufficient time and under conditions 



effective to promote growth of Campylobacter, especially C. 
jejuni and/or C. coli. Suitable conditions may be readily 
determined by the practitioner skilled in the art and are 
described by Smibert (ibid). Without being hmited thereto, 

5 preferred conditions include a temperature between about 
35° to 44° C, especially 42° to 43° C, and a low oxygen 
tension (i.e. microaerobic), especially an oxygen concentra- 
tion between 3-6%. Techniques for generating this reduced 
atmosphere are well known in the art and are described, for 

10 example, by Inoue (U.S. Pat. No. 4,904,597), or Hutchinson 
and Bolton (J. CUn. Pathol., 1983, 36:1350-1352), or Park 
et al (ibid), the contents of each of which are incorporated 
by reference herein. In the alternative, a suitable atmosphere 
may be generated using dry ice placed in a sealed container 

15 with the cultures. 

Following incubation, generally after about 24 to 72 
hours, the culture may be examined for the presence of 
colonies indicative of Campylobacter. Colonies of Campy- 
lobacter on the Campy-Cefex medium of this invention are 

20 translucent and grow to approximately 2 to 5 mm in 
diameter, but may also grow to confluence if the medium is 
moist. These colonies can be readily discriminated from 
non-Campylobacter breakthrough flora, which are opaque in 
appearance. Further confirmatory testing of the colonies and 

25 speciation can be conducted as described by Park et al (ibid) 
or Smibert (ibid). 

EXAMPLE 1 

The Campy-Cefex medium of this invention was com- 
pared with two other culture media, Campy-BAP and a 
modified CCDA supplemented with cycloheximide, for their 
ability to isolate Campylobacter species from chicken car- 

35 Media: The composition of Campy-Cefex, modified 
CCDA and Campy-BAP are provided in Table 1. All media 
were prepared in our laboratories and used immediately or 
stored in the dark at 4° C. no more than two weeks prior to 
u.se. The basal media components were autoclaved at 121° 
C. for 15 min. The sterilized agar was then tempered in a 
waterbath to 50°-55° C, and the lysed horse blood and 
filter-sterilized antibiotics were added and gently mixed 
before the plates were poured. Filter-steriUzed sodium 
cycloheximide (200 mg/L) was added as a 10% solution in 
50% methanol. One gram of sodium cefoperazone was 
dissolved in 10 ml of sterile, distilled water. Each ml of this 
solution provided 100 mg cefoperazone/3 L of Campy- 
Cefex agar. The unused portion of cefoperazone was held in 
storage at -20° C. 

50 Sampling: During the first stage of the experiment, 21 
poultry carcasses were sampled, employing a carcass swab 
technique to obtain the carcass-associated microflora. The 
swab samples were acquired by pre-moistening sterile cot- 
ton swabs in Cary-Blair transport medium (Park et al., ibid, 

55 the contents of which are incorporated by reference herein) 
and swabbing a 100 cm^ area in the vicinity of the chicken 
vent and inner thighs, after evisceration but before chiUing 
of the carcasses. Swabs were put back into the tubes of 
Cary-Blair and transported on ice to the laboratory within 

60 two hours. Each swab was then plated onto each of the three 
media immediately upon arrival. 

The swab samples were used to inoculate the three test 
media in parallel. After the swab was used to inoculate a 
corner of one test medium, it was rotated one-third turn to 

65 provide uniformity of sample application. The swabbed 
corner of the plate was streaked for isolation of the repre- 
sentative flora. Plates were assessed for the presence of 
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Campylobacter spp., and non-Campylobacter breakthrough 
flora, after incubation in a microaerobic atmosphere (5% O,, 
10% CO2 and 85% N2) at 42° C. for 48 hours, as previously 
described (Park et al., ibid). This atmosphere was obtained 
by flushing the normal atmosphere out of the container with 5 
the microaerobic atmosphere. Criteria for presumptive iden- 
tification were based upon a translucent colonial appearance 
(on Campy-EAP and Campy-Cefex), microscopic examina- 
tion for curved to spiral-shaped bacterial rods, and positive 
catalase and oxidase testing as described by Part et al. (ibid). 

In the second stage of the study, two lots of ten, whole raw 
broiler carcasses were procured from a retail grocer. Each lot 
was comprised of carcasses produced by three or four 
different poultry companies. These carcasses were washed 1 
by shaking for one minute in large plastic bags containing 
200 ml of sterile buffered peptone (pH 7.2) to obtain a 
representative, carcass-associated microflora. The wash 
water suspension was centrifiiged at 5,000xg for 10 min and 
the pellet was resuspended in one-ml of buffered peptone. 2 
The suspension was swabbed and streaked on the three agar 
media as described above. 

Results: Table 2 contains information comparing the 
efiEciency of Campy-BAP, Campy-fex, and modified CCDA 
media in isolating Campylobacter spp. from chicken car- 
casses. Among the total of 41 carcasses tested, the organism 
was isolated 33 times using Campy-BAP; 37 times using 
Campy-Cefex; and 35 times using modified CCDA. 
However, the Campy-BAP medium was not as selective as 
the other media. Contaminating breakthrough flora occurred 
consistently on the Campy-BAP medium and less frequently 
or not at aU on the other two media tested. Although the 
modified CCDA medium exhibited similar selectivity when 
oared with Campy-Cefex medium, differentiation between 
Campylobacter colonics and other breakthrough flora was 
significantly more diflicuh on modified CCDA medium. The 
Campy-Cefex medium described herein provides both 
excellent selectivity and a capacity for differentiating 
Campylobacter species from breakthrough flora. 

It is understood that the foregoing detailed description is 
given merely by way of illustration and that modifications 
and variations may be made therein without departing from 
the spirit and scope of the invention. 

TABLE 1 



TABLE 1-continued 

ComposilioD of Agar Media. 



Lysed tiorse blood 
Modified CCDA ag 



jcovery of Campytobacler spp. (C. j'ej'iim, C. laridis) from cl 
carcasses by direcl plating onto Campy-BAP, Campy-Cefex, 
modified CCDA media. 



. - post evisceration, pre-chi 



' We claim: 

1. A composition for the isolation of Campylobacter 
species comprising: 

(a) a nutrient medium with an energy source effective to 
support growth of Campylobacter jejuni or Campylo- 

~> bacter coli or both; 

(b) agar; 

(c) blood; 

(d) a first selective agent selected from the group con- 
sisting of cycloheximide, salts of cycloheximide and 

5 mixtures thereof; and 

(e) a second selective agent selected from the group 
consisting of cefoperazone, salts of cefoperazone, and 
mixtures thereof; 

and wherein said composition does not include bacitracin, 
0 colistin sulfate or novobiocin as selective agents. 

2. A composition as described in claim 1 wherein the 
concentration of said blood is between about 2% to 10%, the 
concentration of said first selective agent is between about 
100 to 400 mg,1iter, and the concentration of said second 

5 selective agent about 20 to about 50 mg/liter. 

3. A composition as described in claim 1 wherein said 
energy source is selected from the group consisting of 
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pyruvate, citrate, 
a-ketoglutarate, fumarate, malate, and oxaloacetate. 

4. A composition as described in claim 1 which includes 
ferrous sulfate, a reducing agent, and sodium pyruvate. 

5. A composition as described in claim 4 wherein said 5 
reducing agent is selected from the group consisting of 
sodium bisulfite and sodium metabisulfite. 

6. A composition as described in claim 1 wherein said 
blood is selected from the group consisting of horse blood 
and sheep blood. jo 

7. A composition as described in claim 6 wherein said 
blood is lysed. 

8. A composition for the recovery of Campylobacter 
species comprising: 

(a) a nutrient medium; 15 

(b) agar; 



(c) ferrous sulfate; 

(d) a reducing agent selected from the group consisting of 
sodium metabisulfite and sodium bisulfite; 

(e) pyruvate; 

(f) blood; 

(g) a first selective agent selected from the group con- 
sisting of cycloheximide, salts of cycloheximide and 
mixtures thereof; and 

(h) a second selective agent selected from the group 
consisting of ccfoperazone, salts of ccfoperazone, and 

and wherein said composition does not include bacitracin, 
colistin sulfate or novobiocin as selective agents. 



